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Abstract 
Background: To determine correlation of iron 
status between pregnant women and their 
corresponding newborns using a combination of 
hematological and biochemical parameters. 
Methods: In this cross-sectional study venous 
blood samples from fifty pregnant women, with 
single fetus at term 37-42 weeks of gestation, having 
uneventful vaginal casearation section delivery, and 
their corresponding umbilical cord samples were 
obtained. C-reactive protein, blood complete picture, 
serum iron, serum ferritin, serum total iron binding 
capacity and serum transferrin saturation were 
performed.  Pregnant women were divided into non-
iron deficient, iron deficient and anemic with iron 
deficiency. Newborns with and without maternal 
anemia were placed in separate groups. Statistical 
analysis included descriptive analysis, Pearson’s 
correlation coefficient and one way ANOVA. 
Results: Among pregnant women, twenty two 
percent were iron deficient but without anemia and 
forty six percent were anemic (forty percent iron 
deficient and six percent non-iron deficient). 
Significant difference was observed in the mean 
values of hemoglobin and hematocrit between 
newborns with and without maternal anemia (p < 
0.01). Significant association was observed between 
newborn and maternal iron parameters (p < 0.01). 
Conclusion: Iron related parameters are correlated 
between pregnant women and their corresponding 
newborns meaning that iron is transported from 
mother to fetus in direct proportion with the levels 
found in the maternal circulation. 
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Introduction 
Anemia is present in nearly 23% and 52% of 
the pregnant women in the industrialized and non-
industrialized countries, respectively. An estimated 
global prevalence being 41.8%.1 Iron deficiency, the 
most common cause of anemia in pregnancy, is 
responsible for a number of perinatal complications, 
such as preterm delivery, intrauterine growth 
retardation, and maternal and neonatal mortality.2-6 
Iron is received by the fetus from maternal 
circulation via syncytiotrophoblast of the placenta. 
Maternal transferrin transports iron to the placenta 
and transfers it to the placental receptors. Fetal 
transferrin then binds this iron and transports it 
through the bloodstream to fetal tissues. Iron-related 
hematological and biochemical parameters have been 
found to be higher in umbilical cord than in the 
maternal blood.7,8 
The impact of iron deficiency in pregnant 
women on iron status in newborns has still not been 
cleared. Different studies have been carried out to 
determine this relationship, but the results are 
conflicting and uncertain. Different studies have given 
approval to the belief that iron transport from a 
mother to her fetus is not dependent on maternal iron 
levels and might even lead to a deficiency in the 
mother. 9-11 Others have shown that maternal iron 
status can affect fetal iron stores. 12-18 
 Making an accurate diagnosis of iron status in 
pregnant women is a complex phenomenon. The 
physiological changes that occur during pregnancy 
(increased plasma volume and erythropoiesis) affect 
both hematological and biochemical parameters 
available for evaluating iron status.Serum ferritin, total 
iron-binding capacity and serum iron are affected by 
the chronic disease state. A number of parameters 
have, therefore, been proposed for the diagnosis of 
iron deficiency. These include hemoglobin, mean 
corpuscular volume (MCV), red cell distribution width 
(RDW), serum iron, serum ferritin, serum total iron 
binding capacity (TIBC), C-reactive protein (CRP) 
levels and others.19-21 
 
Methods 
A cross-sectional study was carried out in the 
Pathology Department of Army Medical College, 
National University of Sciences and Technology, 
Rawalpindi in collaboration with the Department of 
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Obstetrics, Military Hospital, Rawalpindi, Pakistan in 
2012. Using the non probability convenience sampling, 
a total of 50 pregnant women and their 50 
corresponding newborns were included in the study. 
This sample size was calculated using the following 
formula: 
n =  
where, 
n= Sample size. 
p= Crude birth rate in Pakistan which is 2.43% 
(0.0243) according to CIA’s ‘The World Factbook’ (2012 
est.).22 
q= 1-p. 
e= Margin of error i.e., the expected half-width 
of the confidence interval. Recommended value: 5% 
(0.05). 
z= Level of confidence measure i.e., the level 
of uncertainty in the sample mean or prevalence as an 
estimate of the population mean or prevalence. 
Recommended value: 1.96 (for 95% confidence level). 
     Pregnant women with single fetus at term (37-42 
weeks of gestation) having uneventful vaginal or 
caesarean section delivery were included in the study. 
Those with pre- or post- term delivery, low birth 
weight newborns or evidence of inflammation 
(toxemia, hypertension, diabetes mellitus, and heart 
disease) were not included in the study.Venous blood 
samples were obtained from pregnant women during 
their labour (or before caesarean section as applicable) 
and from umbilical cord immediately after clamping. 
On samples taken,analysis of blood C.P, serum ferritin, 
Iron and TIBC were done. Semi- qualitative analysis of 
C-reactive protein was done to exclude inflammation. 
Only C-reactive protein negative samples were 
subjected to further analysis. 
For the purpose of description, pregnant 
women with iron deficiencies were placed in various 
groups. Those with normal hemoglobin and low 
serum ferritin were considered iron depleted, those 
with normal hemoglobin and both serum ferritin and 
transferrin saturation below normal were considered 
iron deficient and those with low hemoglobin and 
either serum ferritin or transferrin saturation below 
normal range were considered anemic with iron 
deficiency. 
Newborns without maternal anemia were 
placed in group1 and those with maternal anemia 
were placed in group2. Using One-Way ANOVA, a 
comparison of means was determined between the 
two groups.Relationship between maternal and 
newborn iron status and interrelationship among 
various variables was determined using Pearson’s 
correlation coefficient. 
 
Results 
     Maximum number of cases belonged to age 26 
years, gravida 2 and parity 1(Table 1).Mean values of 
haematological and biochemical parameters were 
higher in umbilical cord than in maternal blood (Table 
2).Four percent of the pregnant women were iron 
depleted, twenty two percent iron deficient and 
around forty percent suffered from iron deficiency 
anemia (Table 3). Hematological and iron related 
parameters were lower in the newborns born to 
anemic mothers. However, significance between the 
groups was found only in the cases of hemoglobin and 
hematocrit (p < 0.01) (Table 4-6). 
 
Table 1: Clinical characteristics of pregnant 
women included in the study (n=50) 
Parameters Range (Mode) 
Age (years) 20-33(26) 
Gravida 1-5(2) 
Parity  0-4(1) 
 
Table 2: Hematological and biochemical 
characteristics of study population (n=50) 
Parameters Range (Mean + S.D) 
Hb ( mothers) G/dl 8.5-13.7 (11.1 + 1.2) 
Hb ( newborn) G/dl 12.0-17.7(14.4 + 1.26) 
Hct (mothers) % 31.2 -46.1 (36.14  + 3.5)  
Hct (newborns) 37.3 – 56.1 (36.14 + 3.5) 
MCV (mothers) fl 71.2-97.5 ( 83.14+ 7.3) 
MCV (newborns) fl 94.6 – 123.5 ( 109.5+ 5.8) 
Ferritin (mothers) ug/l 4-99 (20.38 +20.6) 
Ferritin (newborns) ug/l 32-290 (133.52+ 64) 
Iron (mothers) ug/dl 40-174 (72.46 + 29.9) 
Iron (newborns) ug/dl 84- 599 (185.16 + 104.71) 
TfS (mothers ) % 16.7-86.9 ( 48.79+ 21.37)  
TfS (newborns) % 16.7- 86.9 ( 48.79 + 21.37) 
 
Table 3: Frequency of iron deficiency among 
pregnant women (n=50) 
 No(%) 
Non- iron deficient 14(28) 
Iron depleted 2(4) 
Iron deficient 11(22) 
Anemic (both iron deficient and non-iron 
deficient) 
23(46) 
Anemic with iron deficiency 20(40) 
Anemic without iron deficiency 3(6) 
 
     An analysis was done to determine the relationship 
between iron parameters of pregnant women and their 
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corresponding newborns using the Pearson’s 
correlation coefficient. A strong and significant 
correlation was found between the variables 
hemoglobin and red cell distribution width in 
newborns and maternal blood (p < 0.01). Medium 
correlation found between the variables hematocrit, 
iron and transferrin saturation was also significant (p < 
0.01). No correlation was found between the variables 
mean corpuscular volume and ferritin in the maternal 
and newborn blood. 
    Significant correlation was found between 
newborn’s hemoglobin and maternal hematocrit (p < 
0.01), iron (p < 0.05) and transferrin saturation (p < 
0.01). Also a significant correlation was found between 
newborn’s transferrin saturation and maternal 
hematocrit (p < 0.01) MCV (p < 0.05), ferritin (p < 0.05) 
and iron (p < 0.05). 
Table 4: Comparison of means between 
newborns of anaemic and non-anemic mothers 
Parameter Non anemic 
(n=27) 
Anaemic 
(n=23) 
Hb  15.385+1.20 14.296+1.07 
Hct 49.285+3.83 45.587+3.54 
MCV 110.022+5.91 109.070+5.96 
RDW 82.619+18.27 89.030+20.05 
Ferritin 137.96+75.188 128.30+51.51 
Iron 190.56+106.92 178.83+104.09 
TfS 53.263+21.89 43.54+19.93 
 
Table 5: Test of homogeneity of variances 
regarding variables of newborns between 
group 1 and group 2 
 Levene 
Statistic 
df1 df2 Sig. 
Hb .148 1 48 .702 
Hct .088 1 48 .769 
MCV .195 1 48 .661 
RDW 2.099 1 48 .154 
Ferritin 2.279 1 48 .138 
Iron .405 1 48 .528 
TfS 1.289 1 48 .262 
 
Discussion 
    Every year, a high percentage of pregnant women 
are affected by anaemia. According to the World 
Health Organization, 39.1% of the pregnant women 
are affected in Pakistan .1 In the present study, 23 cases 
were diagnosed with anaemia, taking the percentage 
of anaemia in pregnancy in the Rawalpindi division to 
46%. The mean values for all analyzed variables were 
higher in the umbilical cord blood than in the maternal 
blood. There is an up-regulation of iron transport 
proteins in the placenta in the iron-deficiency state. 
This explains higher iron related parameters in the    
cord blood compared  with the maternal blood, even 
when there is severe maternal anaemia. Different 
studies substantiate this  finding.8,14,23 
Table 6: One way ANOVA for determining 
differences in newborn variables between 
group 1 and group 2 
  
Sum of 
Squares 
df 
Mean 
Square 
F 
S
i
g
. 
Hb 
Between 
Groups 
14.744 1 14.744 11.211 
.
0
0
2 
Within 
Groups 
63.124 48 1.315   
Total 77.867 49    
Hct 
Between 
Groups 
169.867 1 169.867 12.375 
.
0
0
1 
Within 
Groups 
658.900 48 13.727   
Total 828.767 49    
MCV 
Between 
Groups 
11.272 1 11.272 .319 
.
5
7
5 
Within 
Groups 
1693.855 48 35.289   
Total 1705.127 49    
RDW 
Between 
Groups 
510.619 1 510.619 1.398 
.
2
4
3 
Within 
Groups 
17526.529 48 365.136   
Total 18037.149 49    
Ferritin 
Between 
Groups 
1158.647 1 1158.647 .271 
.
6
0
5 
Within 
Groups 
205357.833 48 4278.288   
Total 206516.480 49    
 
Between 
Groups 
1708.749 1 1708.749 .153 
.
6
9
7 
Iron 
Within 
Groups 
535611.971 48 
11158.58
3 
  
 Total 537320.720 49    
 
Between 
Groups 
1172.248 1 1172.248 2.652 
.
1
1
0 
TfS 
Within 
Groups 
21215.220 48 441.984   
 Total 22387.468 49    
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Newborns with maternal anaemia had lower 
haemoglobin and haematocrit as compared to 
newborns without maternal anaemia (p<0.01). 
Differences were also obtained in the variables mean 
corpuscular volume, ferritin, iron and transferrin 
saturation, however, results were not significant. 
Other studies  have also reported that newborns born 
to anaemic mothers have lower iron reserves as 
compared to those born to non-anaemic mothers. 12,15,16 
     Kumar et al (2008) and El-Farrash et al  (2012) 
reported  a correlation of haemoglobin between 
pregnant women and their newborns.12,18 Nazar et al 
(2004)  and El-Farrash et al (2012) also reported 
correlation of serum iron between maternal and 
newborn blood.15,18  Studies by Erdem et al(2002), 
Kumar et al (2008), Jaime-Perez et al (2005)  and El-
Farrash et al (2012) have also showed that maternal 
iron status affects iron status of the newborn.10,12,13,18 
 
Conclusion 
Efforts must be done to control iron deficiency in 
pregnancy as this not only affects the pregnant woman 
but also results in the lower iron reserves and anemia 
in the newborn. 
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